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(54) [Title of the Invention] Vascular Embolus Instrument 

(57) Abstract 
[Problem to Be Solved] 

Provide a vascular embolus instrument with such functionality that it administers a bioactive 
substance, a medicine, etc. 

[Solution] 

The [instrument] characterized in that a resin wire containing a bioactive substance and/or a 
medicine is inserted into a metal coil. 
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Key to Figure 

10 Metal coil 

11 Tip 

20 Resin wire 


[Claims] 
[Claim 1] 

A vascular embolus instrument characterized in that a resin wire containing, a bioactive substance 
is inserted into a metal coil. 
[Claim 2] 

A vascular embolus instrument characterized in that a resin wire containing a medicine is 
inserted into a metal coil. 
[Claim 3] 

The vascular embolus instrument described in Claim 1 or Claim 2, characterized in that the resin 
wire is composed of a hydrophilic resin. 


2 


Disclosure No: Toku Kai Hei 11-76249 


[Claim 4] 

The vascular embolus instrument described in Claim 3, characterized in that the hydrophilic resin 
is a polyvinyl alcohol polymer. 

[Claim 5] 

The vascular embolus instrument described in Claim 1 or Claim 2, characterized in that the resin 
wire is composed of a silicone resin. 

[Claim 6] 

The vascular embolus instrument described in any of Claims 1 through 5, characterized in that a 
secondary coil is formed by further winding the metal coil. 

Petailed Description of the Invention] 
[0001] 

The present invention relates to a vascular embolus instrument that is held in a given region 
within a blood vessel, where it is used to embolize the said blood vessel. 

[0002] 
[Prior Art] 

Recently, vascular embolus techniques that hold an embolus instrument within a protuberance 
have attracted attention as mildly invasive therapies for aneurysms, etc. (e.g., U.S. Patents No. 
4,884,579 and No. 4,739,768). In this vascular embolus technique, the embolus instrument held 
within an aneurysm physically obstructs the flow of blood and thrombi form around the said 
embolus instrument, thereby reducing the danger of aneurysm rupture. It is known that an 
embolus instrument consisting of a metal coil (hereinafter, embolus coil) is used here as the 
embolus instrument held in a given region within a blood vessel (e.g., within an aneurysm). Such 
an embolus coil is introduced into an aneurysm via the appropriate catheter, by means of an 
extrusion means (i.e., inducer 1 ) connected detachably at its tip. (For example, see Patent Gazette 
No. H5-500322, Patent Gazette No. H8-501015, and Patent Gazette No. H7-502674.) 

[0003] 

[Problems that the Invention Is to Solve] 

However, it sometimes is necessary to administer a bioactive substance, a medicine, etc., to the 
said application region, depending on the application region in which the embolus coil is held 
(i.e., the protuberance case). For example, in order to promote the formation of thrombi around 
the embolus coil held within an aneurysm, it is preferable to administer a blood clotting 
accelerant within the said aneurysm. Consequently, it is difficult to administer a bioactive 

1 Translator's note: Here and below, "yudoshi" is translated "inducer," in the sense of "motive force." The literal 
translation is the electrical term "inductor," but that seems inappropriate here. 
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substance or a medicine to the tube 2 wall, etc., of the aneurysm in which the embolus coil is 
already held. The [inventors] took this into consideration when developing the present invention. 
The purpose of the present invention is to provide a vascular embolus instrument with 
functionality that allows it to aojninister a bioactive substance, a medicine, etc. 

[0004] 

[Means of Solving the Problems] 

The vascular embolus instrument of the present invention is characterized in that a resin wire 
containing a bioactive substance is inserted into a metal coil. The vascular embolus instrument of 
the present invention also is characterized in that a resin wire containing a medicine is inserted 
into a metal coil. 
[0005] 

In the vascular embolus instrument of the present invention, the following conditions are 
preferable: 

(1) The bioactive substance contained in the said resin wire should be either a vascular 
endothelial growth factor or a fibroblast growth factor. 

(2) The medicine contained in the said resin wire should be a blood coagulation accelerant. 

(3) The said resin wire should be composed of a hydrophilic resin. 

(4) The said resin wire should be composed of polyvinyl alcohol polymer. 

(5) The said resin wire should be composed of a silicone resin. 

(6) The metal coil should be wound further to form a secondary coil. 
[0006] 

[Function of the Invention] 

(1) The vascular embolus instrument held in the application region physically obstructs the 
blood flow, so a satisfactory embolus effect is exhibited. Then the biochemical substance 
(i e., bioactive substance or medicine) contained in the resin wire passes through the metal 
coil to the exterior of the vascular embolus instrument, thereby administering it to the said 
application region. 

(2) Next by administering a blood coagulation accelerant by means of the vascular embolus 
instrument held within the aneurysm, it is possible, to promote the formation of thrombi 
around the said vascular embolus instrument. 


2 Translator's note: "kan" literally translates as "tube," but "vessel" may be implied. 
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[0007] 

(Implementation of the Invention] 

The vascular embolus instrument of the present invention will now be explained in detail. Figure 
1 is a cross section showing one example of the concrete structure of the vascular embolus 
instrument of the present invention. This vascular embolus instrument is equipped with a metal 
coil 10, a resin wire 20 inserted into the metal coil 10, and a tip 1 1 connected and fixed at the tip 
of the metal coil 10. Here, the tip 1 1 is formed into a smooth sphere in order to prevent damage 
to the application region. 

[0008] 

The metal coil 10 that forms the vascular embolus instrument is preferably made of a metal wire 
that is impervious to x-rays (e.g., platinum, gold, tungsten, stainless steel or an alloy of these). 
Here the diameter (i.e., the approximate wire diameter) of the metal wire that forms the metal 
coil 10 is approximately.0.02 - 0.12 mm. Also, the coil diameter of the metal coil 10 normally is 
0.1-1.0 mm, preferably 0.2 - 0.5 mm. 

[0009] 

The resin wire 20 that forms the vascular embolus instrument is configured so as to contain 
within the resin at least one biochemical substance (i.e., either a bioactive substance or a 
medicine). Here, the resin that forms the resin wire 20 can be selected from among those that do 
not adversely affect the living body and that are flexible (i.e., ones that are flexible enough to 
^deform readily as the result of the shape retention force of the metal coil 10). 

[0010] 

Concrete examples of the resin that forms the resin wire 20 include hydrophilic res^uchas 
synthetic polymer materials (e.g., polyvinyl alcohol polymers (polyvinyl alcohol (PVA), PVA 
cross-linked polymers, PVA water-absorptive gel frozen and thawed elastomers, ethylene vinyl 
alcohol copolymers, etc.), polylactic acid, polyhydroxyethyl methacrylate polyacrylate, 
polysodium acrylate, polyacrylamide, poly-N-vinylpyrrolidone, polyvinylmethylether, 
polyethylene oxide, polyethylene glycol, polyglycolic acid, methylvinylether anhydrous maleic 
acid copolymer, polyhydroxyethyl phthalic acid ester, polydimethylol propionic acid ester, 
methyl isopropyl ketone formaldehyde, polyethylene imine, polystyrene sulfonate, water-soluble 
nylon)- hydrophilic resins (e.g., natural polymer materials such as carboxymethyl starch, 
dialdehyde starch, celluloses (CMC, MC, HEC, HPC), tannin, lignin, alginic acid, gum arable 
guar gum traganth gum, gelatin, casein, glue, collagen); and silicone resins such as silicone and 
its derivatives 3 Of these, polyvinyl alcohol polymers are preferable because it is easily possible 
to release the said biochemical substance by securely holding the necessary and sufficient 
quantity of biochemical substance and contacting it with water. 

3 Translator's note: The punctuation in the original Japanese sentence is ambiguous, so the organization of this 
sentence is somewhat unclear. 
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[0011] 

The biochemical substance that is held in the said hydrophilic resin and forms the said resin wire 
20 can be either a bioactive substance (e.g., vascular endothelial growth factor (VEGF), 
fibroblast growth factor - basic (b-FGF), hepatocyte growth factor (HGF)) or a medicine (e.g., a 
blood coagulation accelerant, plasminogen (t-PA), a hemolytic material (urokinase, etc.), an 
anticancer agent, a hormonal antihypertensive 4 drug). Here, by forming the resin wire 20 with a 
blood coagulation accelerant included in the hydrophilic resin, it is possible to promote the 
formation of thrombi in the aneurysm embolized by the obtained vascular embolus instrument. 
Examples of such a blood coagulation accelerant include thrombin, fibrinogen, fibronectin, 
protease, etc. 
[0012] 

The content of biochemical substance (i.e., bioactive substance or medicine) in the resin wire 20 
is 10" 5 - 10 parts by weight per 100 parts by weight of hydrophilic resin. In the present invention, 
examples of the resin wire containing a biochemical substance (i.e., a bioactive substance or 
medicine) include © one in which the biochemical substance is uniformly dissolved and 
dispersed in the resin (i.e., hydrophilic resin and/or silicone resin), © one in which the 
biochemical substance is unevenly distributed in the vicinity of the surface of a linear resm (e.g., 
one such that the biochemical substance is applied to the resin surface), and CD one in which the 
biochemical substance is unevenly distributed in the center of a linear resm (e.g., one such that 
the biochemical substance (i.e., the interior) is covered by the resin layer (i.e., the exterior)). The 
outside diameter of the resin wire 20 is such that it can be inserted into the metal coil 10. 
Specifically, it is 0.05 - 0.4 mm. 

[0013] 4$:: 

Furthermore, the resin wire that contains the biochemical substance need not occupy the entire 
interior of the metal coil. As shown in Figure 2(a), multiple resin wires 21 be inserted at intervals 
within the metal coil 10. Also, as shown in Figure 2(b), the tip 22A of the resin wire 22 may 
protrude from the tip 10A of the metal coil 10. Furthermore, as shown in Figure 2(c), tips 1 1 may 
be connected and fixed at both ends of the metal coil 10. 

[0014] 

The length (L) of the vascular embolus instrument normally is 1 - 1000 mm, preferably 1 - 500 
mm and more preferably 30 - 300 mm. Furthermore, in Figure 1, the vascular embolus 
instrument is shown in the linearly extended state. However, this is the state when it is moved 
within a catheter. As shown in Figure 3, when not restricted by the catheter wall, etc., it assumes 
the secondary coil shape, in which the metal coil 1 0 is wound further. Here, the diameter of the 
secondary coil is selected appropriately according to the inside diameter of the application region 


4 Translator's note: In the Japanese patent, the initial kanji may be a typo. Here, therefore, "koatsuzai" may be 
"antihypertensive." 
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(e.g., an aneurysm). Normally it is 2 - 40 mm, preferably 2-20 mm. Also, the vascular embolus 
instrument in the application region is held with the metal coil 10 randomly coiled. 

[0015] 

Figure 4 shows the state in which the extrusion means, which is the inducer, is connected to the 
vascular embolus instrument of the present invention (i.e., the vascular embolus instrument with 
the structure shown in Figure 1). The extrusion means 30 shown in Figure 3 includes the wire 
part 3 1 in which the resin coating layer is formed on the outer circumferential surface of the core 
wire and the tip contrast part 32 that leads thereto. The said extrusion means 30 is connected to 
the vascular embolus instrument by connecting and fixing this tip contrast part 32 to the tail end 
20B of the resin wire 20. Here, the means of fixing both the tip contrast part 32 of the extrusion 
means 30 and the tail end 20B of the resin wire 20 is not particularly limited. For example, it is 
possible to use such means as adhesion with an adhesive, welding, connection by means of 
physical force or another means. The outside diameter of the extrusion means 30 is 0.1 - 2.0 
mm, for example. The length of the extrusion means 30 is 0.1 - 3.0 m, for example. The core' 
wire that forms the extrusion means 30 can be made of a conductive material (e.g., stainless 
steel). 

[0016] 

The resin coating layer on the wire part 3 1 of the extrusion means 30 can be formed by applying 
a resin (e.g., fluororesin, hydrophilic resin) to the outer circumferential surface of the core wire. 
Because the surface's factional coefficient is minimized, it is-preferable that this resin coating 
layer be a fluororesin or a hydrophilic resin. The tip part 33, where the core wire is exposed, is 
formed at the outer tip of the wire part 3 1 . Through this tip part 33, it is possible to supply power 
via the appropriate conductive members (e.g., electrical connector, plug, clip). For this tip part 
33, a length of approximately 1 - 3 cm is sufficient 

[0017] 

The tip contrast part 32 of the extrusion means 30 is configured by more tightly coiling the 
winding wire around the core wire. The winding wire that forms the tip contrast part 32 may 
consist of a metal (e.g., platinum, silver 5 , tungsten). 

[0018] 

The vascular embolus instrument of the present invention to which the extrusion means 30 is 
connected is guided to the application region within the living body, via the appropriate catheter. 
To be specific, it is inserted into the previously inserted catheter 42, via the at-hand, operation 
part 43, with the vascular embolus instrument as the head, so that the tip opening is positioned at 
the application region P of the living body 41, as shown in Figure 5. In this manner, the vascular 
embolus instrument moves within the catheter 42 in the linearly extended state, while being 
pushed out by the extrusion means. It then is extruded from the tip opening of the catheter 42, 


Translator's note: Note that "gold" not "silver" was mentioned earlier in the patent. 
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within the application region P. Then, when the connection member reaches the tip opening of 
the catheter 42, the ground electrode 44 is attached to a suitable skin surface of the living body 
41, after which the high-frequency power supply 45 is connected to the terminal part of the 
extrusion means. For example, a monopolar high-frequency current is supplied to the extrusion 
means. 
[0019] 

As a result, the tail end 20B of the resin wire 20, which is the connection between the vascular 
embolus instrument and the extrusion means 30, is heated by the high-frequency current, fuses, 
and is severed. This separates the vascular embolus instrument and the extrusion means 30, 
thereby holding the vascular embolus instrument. Thus by selecting, as the resin that forms the 
resin wire 20 inserted into the metal coil 10, one with a melting point below 6 100 °C, it is 
possible to quickly heat and cut the tail end 20B of the said resin wire, by supplying a high- 
frequency current. To be specific, when the hydrophilic resin that forms the resin wire 20 
consists of a polyvinyl alcohol polymer, it is possible to fuse and cut the tail end 20B of the resm 
wire 20 by supplying an extremely short (i.e., < 3 sec.) burst of high-frequency current. 
Consequently, it is possible to significantly reduce the burden on both the surgeon and the person 
undergoing the operation, which markedly reduces the likelihood of complications m the patient 
during the hold operation. 
[0020] 

Furthermore, the method utilized to hold the vascular embolus instrument of the present 
invention in a given region of a blood vessel is not limited to the aforementioned method 
whereby an extrusion means is used to insert the instrument, after which the extrusion means is 
separated from the said vascular embolus instrument that reached to application region. For 
example it also is possible to insert a vascular embolus instrument with the structure shown in 
Figure 2(c) into a catheter that was inserted so as to position the tip opening at a given region, 
and then move the said vascular embolus instrument by means of a guide wire in order to extrude 
it from the catheter's tip opening to a given region. The excellent embolus function and the drug 
delivery function allow the vascular embolus instrument with the aforementioned structure to 
exhibit a superior therapeutic effect. 

[0021] 

[Embodiments] 

The embodiments of the present invention will be explained next. However, the present 
invention is not limited thereto. 


6 Translator's note: Range boundaries are ambiguous in Japanese, in that it often is unclear whether they are 
inclusive or exclusive. Here, "at or below" also could be used. 
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<Embodiment 1> 

(1) Manufacture of resin wire made of hydrophilic resin 

An aqueous solution of PVA containing basic fibroblast growth factor (b-FGF) was prepared by 
adding 25 jag of b-FGF to 2 g of an aqueous solution (30 wt%) of polyvinyl alcohol (degree of 
polymerization: 1500 - 2000). This aqueous solution was sealed in a tube with an inside 
diameter of 0.5 mm, after which 9 cycles of freezing (-5 °C x 180 min.) and thawing (7 °C x 420 
min.) were repeated in order to obtain a gelatinous linear material. This was subjected to 
extension treatment in order to obtain a resin wire with a diameter of 0.2 mm and a length of 
approximately 1000 mm. 

[0022] 

(2) Manufacture of vascular embolus instrument 

The resin wire obtained in the said step (1) was inserted into the metal coil (coil diameter: 0.36 
mm) formed into a helical shape by using a metal wire with an approximate wire diameter of 
0.07 mm. At an end of the said metal coil, the outer surface of the resin wire and the inner 
surface of the metal coil were adhered with an adhesive, in order to manufacture the vascular 
embolus instrument with the structure shown in Figure 1 . 

[0023] 

(3) - Connection of extrusion means 

At the tip of a stainless-steel guide wire with a length of 1 .8 m (length of tip contrast part: 30 
mm) and an outside diameter of 0.35 mm, the tail end of the vascular embolus instrument (i.e., 
the tail end 20B of the resin wire 20) obtained in the said step (2) was adhered by means of an 
adhesive, in order to manufacture an embolus wire with the structure shown in Figure 4. 

[0024] 

(4) Application of vascular embolus instrument (embolus wire device) 

The embolus wire device manufactured as aforementioned was inserted, with the vascular 
embolus instrument as the head, into a microcatheter previously inserted so as to position its tip 
opening in a cerebral aneurysm (an almost spherical aneurysm with an inside diameter of 20 
mm) in a human body. After the entire length of the vascular embolus instrument (i.e., the tail 
end 20B of the resin wire 20) was extruded from the microcatheter, the ground electrode was 
attached to the skin surface of the human body. Then a high-frequency power supply was 
connected to the terminal part of the extrusion means. After a high-frequency current (frequency: 
300 kHz; power: 5 - 6 W) was supplied to the extrusion means, the connection member melted 
instantaneously, and the extrusion means withdrew from the vascular embolus instrument, 
thereby completing the introduction of the vascular embolus instrument of the present invention. 
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[0025] 

<Embodiment 2> 

An aqueous solution of PVA containing vascular endothelial growth factor (VEGF) 7 was 
prepared by adding 5 jag of VEGF to 2 g of an aqueous solution (30 wt%) of polyvinyl alcohol 
(degree of polymerization: 1500 - 2000). This aqueous solution was sealed in a tube with an 
inside diameter of 0.5 mm, after which 9 cycles of freezing (-5 X x 180 min.) and thawing (7 °C 
x 420 min.) were repeated in order to obtain a gelatinous linear material. This was subjected to 
extension treatment in order to obtain a resin wire with a diameter of 0.2 mm and a length of 
approximately 1000 mm. The resin wire obtained in this manner was used to manufacture the 
vascular embolus instrument of the present invention, as in step 2 of Embodiment 1. 

[0026] 

<Comparative Example 1> 

An aqueous solution (30 wt%) of polyvinyl alcohol (degree of polymerization: 1500 - 2000) was 
sealed in a tube with an inside diameter of 0.5 mm, after which 9 cycles of freezing (-5 °C x 1 80 
min.) and thawing (7 °C x 420 min.) were repeated in order to obtain a gelatinous linear material. 
This was subjected to extension treatment in order to obtain a resin wire with a diameter of 0.2 
mm and a length of approximately 1000 mm. The resin wire obtained in this maimer was used to 
manufacture a vascular embolus instrument for comparison, as in step 2 of Embodiment 1. 

[0027] 

<Test ExamplO 

Test pieces (with a resin wire inserted into the metal coil) were manufactured by cutting to 10- 
mm lengths the vascular embolus instruments obtained in Embodiment 2 and Comparative 
Example 1. Each of these test pieces was contacted with the endothelial cells of a human aorta, 
and these were cultivated. In the case of the test pieces of Embodiment 2, 4 days after the start of 
cultivation, part of the surface of the metal coil was covered with aortic endothelial cells, and 7 
days after the start of cultivation, the entire surface of the metal coil was covered with aortic 
endothelial cells. By contrast, in the case of the test pieces of Comparative Example 1, 5 days 
after the start of cultivation, part of the surface of the metal coil was covered with aortic 
endothelial cells, and 12 - 14 days elapsed before the entire surface of the metal coil was covered 
with aortic endothelial cells. 

[0028] 

[Effects of the Invention] 

The present invention exhibits a superior embolus effect and provides a vascular embolus 
instrument with functionality that administers a biochemical substance (i.e., bioactive substance 
or medicine). 


7 Translator's note: The original Japanese reads "b-FGF," but "VEGF" seems implied here. 
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[Brief Explanation of the Drawings] 

Figure 1 is a cross section showing one example of the concrete structure of the vascular 
embolus instrument of the present invention. 

Figure 2 is another example of the concrete structure of the vascular embolus instrument of the 
present invention. 

Figure 3 is an illustration showing one state of the vascular embolus instrument of the present 
invention. 

Figure 4 is an illustration showing the state in which the extrusion means is connected to the 
vascular embolus instrument of the present invention. 

Figure 5 is an illustration showing the usage of the vascular embolus instrument of the present 
invention. 

[Explanation of the Symbols] 
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High-frequency power supply 
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Figure 1 Figure 2 



Figure 2 

Key to Figure 
i (a) 
ro (b) 
ha (c) 
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Figure 3 Figure 4 
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